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Abstract
Norwegian Health authorities recommend solid food to be introduced between child age 4–6
months, depending on both the mother´s and infant’s needs. The aim of this paper is to
describe timing of complementary feeding in a current sample of Norwegian mother/infant-
dyads and explore potential associations between timing of introduction to solid foods and a
wide range of maternal and infant characteristics known from previous literature to influence
early feeding interactions. The paper is based on data from the Norwegian randomized con-
trolled trial Early Food for Future Health. In 2016, a total of 715 mothers completed a web-
based questionnaire at child age 5.5 months. We found that 5% of the infants were intro-
duced to solid food before 4 months of age, while 14% were not introduced to solid food at
5.5 months of age. Introduction of solid food before 4 months of age was associated with the
infant not being exclusive breastfed the first month, receiving only formula milk at 3 months,
the mother being younger, not married/cohabitant, smoking, less educated and having more
economic difficulties. Not being introduced to solid food at 5.5 months was associated with
the infant being a girl, being exclusive breastfed the first month, receiving only breastmilk at
3 months, the mother being older, married and having 3 or more children. This study shows
that there are still clear socioeconomic differences regarding timing of complementary feed-
ing in Norway. Infants of younger, less educated and smoking mothers are at higher risk of
not being fed in compliance with the official infant feeding recommendations. Our findings
emphasize the importance of targeting socioeconomically disadvantaged mothers for sup-
port on healthy feeding practices focusing on the infant‘s needs to prevent early onset of
social inequalities in health.
Introduction
Introducing the first solid food constitutes an important milestone in the infant’s develop-
ment. The World Health Organization (WHO) recommends exclusive breastfeeding during
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the first six months of life, followed by a gradual introduction of food in parallel with contin-
ued breastfeeding [1, 2]. These recommendations apply to all countries and populations,
regardless of economic status or developmental level [3]. The European Society for Pediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN) Committee on Nutrition supports
the recommendations of exclusive breastfeeding for the first six months [4], but adds that com-
plementary feeding should not be introduced before 17 weeks (4 months) and not later than
26 weeks (6 months) [5].
In most European countries solid food is introduced before child age 6 months [6]. The lat-
est Norwegian national cross-sectional study on infant nutrition from 2013 [7] showed that
7% of the infants were introduced to solid food before 4 months of age, while only 21% of the
infants were introduced to their first solid food at six months of age. Since 2016 the Norwegian
Health authorities recommend that infants should be exclusively breastfed for the first 4 to 6
months depending on the mother´s and infant’s needs, followed by a gradual introduction of
food in parallel with continued breastfeeding. At child age six months, introduction of solid
food is recommended independent of breastfeeding status. Infants who have been exclusively
breastfed will now need supply of iron-rich foods to ensure adequate growth and development
[8].
Valid reasons for introducing solid food from 4 months of age may be that the infant shows
insufficient weight gain or growth, seems hungry after frequent breast-/formula meals or that
the child shows clear interest in other foods [8]. These reasons are linked both to infant charac-
teristics like age and weight, but also to the mothers’ ability to interpret infant feeding cues like
hunger, satiety and interest in food. Early feeding decisions have a bidirectional relationship
[9], as infant characteristics may influence maternal responses and infants may respond differ-
ently to parental behaviors. In addition, maternal characteristics may influence her perception
of infant feeding cues. Previous research has shown higher levels of maternal responsiveness to
child fullness cues among mothers with lower BMI [10]. Altogether, this highlights the com-
plex and dyadic nature of early feeding interactions.
There is a well-established association between milk feeding mode (breast milk, formula
milk or mixed feeding) and the timing of introduction to complementary food [11–13]. In
Denmark, mothers who were partially or not breastfeeding at child age 2 and 4 months, intro-
duced solid food earlier than mothers who fully breastfed their infants [14].
A Cochrane review from 2016 found no evidence to disagree with the current international
recommendation that healthy infants should be exclusively breastfeed for the first six months
[15]. However, mothers provide various health-related reasons for introducing solid food ear-
lier. In a qualitative exploration of factors influencing first-time Australian mothers‘introduc-
tion of complementary food, the mothers‘main beliefs were that introducing food would assist
the infants weight gain, improve sleeping patterns and increase enjoyment at mealtimes [16].
A qualitative systematic review including papers from the US, Europe and Australia, found
that mothers used food to influence infant growth, contentment and sleep [17]. A study from
the UK found that solid food often was introduced to settle behavior and encourage sleep [18].
In another study, mothers of infants with perceived difficult temperament reported less aware-
ness of infant hunger cues, more use of food to calm, and higher concern about over- and
underweight [19]. Concerns about growth and development may apply especially to premature
born children, and previous research has shown that preterm infants are significantly more
likely to be early introduced to solid food [20].
Maternal demographic factors such as age, parity, education and socioeconomic status as
well as behavioral factors like smoking, are known to influence early feeding decisions [20–
25]. In Norway the number of smokers is decreasing, while there is an increasing number of
young men and women using snus (powdered tobacco). In 2013, 23% of young women (16–24
Infant and maternal characteristics associated with timing of complementary feeding in Norway
PLOS ONE | https://doi.org/10.1371/journal.pone.0199455 June 27, 2018 2 / 20
impact of an eHealth intervention on infant nutrition
for parents. The Eckbo Foundation contributed
financial resources to the development of this
intervention. The funders had no role in study
design, data collection and analysis, decision to
publish, or preparation of the manuscript.
Competing interests: The authors have declared
that no competing interests exist.
years) used snus daily or occasionally [26]. Maternal mental and physical health characteristics
may also influence feeding style and practices. Maternal symptoms of anxiety and depression
have been associated with a lower extent of breast feeding [27], increased use of control and
pressure to eat [27–30], and a less wholesome and a more unhealthy diet [31]. The association
between maternal anxiety or depression and early introduction of solid food is more unclear.
While maternal mental health symptomatology has been associated with early introduction to
complementary food in some studies [32, 33], another study found that this relationship was
not significant after adjusting for potential confounders [34]. A high maternal BMI has in pre-
vious studies been negatively associated with initiation and duration of breastfeeding [35, 36],
and a higher pre-pregnancy BMI has been negatively correlated with the timing of solid food
introduction [9]. However, a Danish study found no association between higher maternal pre-
pregnancy BMI and earlier introduction to solid food if the infant was fully breastfed past five
weeks [37]. They concluded that further research was needed to clarify the association between
breastfeeding, maternal BMI and timing of solid food introduction.
The aim of this paper is to describe the timing of introduction to complementary food in a
current Norwegian population of mother-infant dyads. We explore possible associations
between timing of introduction to solid food and a broad range of maternal and infant charac-
teristics known from previous literature to be associated with early feeding interactions. The
paper is based on data from the Norwegian study Early Food for Future Health, a randomized
controlled trial in which an e-health intervention aiming to foster protective parental feeding
behavior and promote early healthy food habits in the weaning period has been developed and
will be evaluated [38]. The study sample consists of 715 Norwegian mother-infant dyads, all
infants born in 2015 and 2016.
Methods
Study design and participants
In springtime 2016, parents from all over Norway were eligible to participate in the study Early
Food for Future Health if they had a 3–5 months old infant born after gestational week 38, were
literate in Norwegian and were responsible for providing food to their infant. The parents
were recruited by posting an information site and a short video on social media (Facebook). In
addition, an email with link to the study’s homepage was sent to all the Norwegian municipal-
ity‘s child health centers to inform the public health nurses about the study. Parents consented
to participate on the study‘s homepage [39].
A total of 960 parent-infant dyads registered for participation. The flowchart of participants
is described in Fig 1. The self-administered, web-based questionnaire was distributed to the
parents at child age 5 months and had to be filled in and submitted before child age 6 months.
A total of 833 parents started filling in the questionnaire. Of these, 745 parents (740 mothers
and five fathers) responded to the outcome questions for this paper (timing of solid food intro-
duction). Because the large majority of respondents were mothers, the fathers were excluded
from the present study. In total 715 mothers completed the full questionnaire. We chose to
include all mothers/infants regardless of gestational age, as the intervention was designed to be
used also by this grouping.
We included all available responses for each of the outcome variables in this study, making
the total number of participants in the analyses vary between 715 and 740. All data were col-
lected between March and August 2016. The Norwegian Centre for Research Data evaluated
and approved the study. Informed consent from all participating parents was obtained upon
registration. Details regarding recruitment and study design have previously been published
[38].
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Variables and measures
Outcome measures; timing of introduction to complementary food. We use the terms
“complementary food” or “solid food” to describe any firm, soft or liquid food or drink other
than milk and water [11]. A Food Frequency Questionnaire (FFQ) was developed for the Early
Food for Future Health study to assess daily food consumption, breastfeeding duration and
age at introduction of solid food. The questionnaire was based on questionnaires from a Nor-
wegian national dietary survey in 6 months old children [40] and the large population based
Norwegian Mother and Child Cohort Study (MoBa) from the Norwegian Institute of Public
Health [41], and was not validated.
Parents responded to questions concerning time of introduction to homemade and indus-
trial made complementary food as “How old was your infant when he/she first was introduced
to these foods?” (porridge—industrial and homemade, mashed vegetables—industrial and
Fig 1. Flowchart of participants.
https://doi.org/10.1371/journal.pone.0199455.g001
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homemade, mashed fruits—industrial and homemade, meals with red/white meat or fish—indus-
trial and homemade, bread) Response alternatives were given in months.
Questions about food, breastmilk and other liquids the first six months were asked as fol-
lows: “What kind of food types and drinks have the infant received the first 6 months of life?
Tick the box for each month (0, 1, 2, 3, 4, 5, 6) the infant has received the listed food types and
drinks” (Breastmilk, formula, water, juice, baby porridge, dinner, fruits/berries).
We constructed the outcome variable “Timing of solid food introduction” by summing
whether the child had been introduced to either juice, baby porridge, dinner or fruits/berries
during a selected period of time. Milk (breastmilk/formula) and water were excluded from the
calculation of introduction-time of solid food. The infants were divided into four groups
depending on first-time introduction of complementary food: Infants introduced before 4
months of age, infants introduced between 4 and 5 months of age, infants introduced between
5 months and 5.5 months of age, and infants who had not been introduced to solid food at 5.5
months of age. We only had data up to 5.5 months of age because of the deadline for submis-
sion of the questionnaire. The deadline was set in advance due to the initiation of the study’s
intervention at child age 6 months. An infant would be classified as “introduced to solid food
between 4 and 5 months of age” if s/he had been introduced to either juice, baby porridge, din-
ner or fruits/berries for the first time in month 4.
Infant characteristics. Infant gender, gestational age in weeks (<38,38), birth weight
(g) and length (cm) were reported by the mothers. The mothers also reported date of visit and
infant weight and length as measured at the child health center at 3 and 5 months of age.
Mothers had the opportunity to omit responding if the child had not visited the health center
at these timepoints. Z-scores for BMI-for-age at birth, three and five months were calculated
using the software program WHO Anthro version 3.2.2. (Department of Nutrition, World
Health Organization, Geneva, Switzerland) and macros [42]. We calculated the differences in
BMI z-scores (zBMI-change) from birth to three months of age and from three to five months
of age as a measure of the infants‘weight gain.
Infant temperament was assessed using a short version of the fussy/difficult subscale from
The Infant Characteristics Questionnaire—6 Months Form (ICQ-6) [43]. Mothers were asked to
report the extent to which they agree in statements concerning their infant’s temperament, e.g.
“The child is easily upset”. Parents ranked seven items on a 7-point scale (completely disagree,
disagree, disagree somewhat, indifferent, agree somewhat, agree, agree completely), indicating the
level of perceived difficulties in dealing with the described behavior. An average score ranging
from 1 to 7 was calculated, with higher scores reflecting greater infant difficulties. Cronbach‘s
α for this scale in our sample was 0.76. The short form of this questionnaire has previously
been used in the population-based Norwegian MoBa-study [44].
Sleeping problems were measured with two different questions: 1) “Currently how often
does your child usually wake up during the night?” with four response alternatives (3 or more
times every night, once or twice every night, a few times a week, seldom or never). These were
dichotomized into 3 or more times every night and less than 3 times every night. 2) “How many
hours in total does your child sleep per 24 hours?” with five response alternatives (less than 8
hours, 8–10 hours, 11–13 hours, 13–14 hours and more than 14 hours). In the current sample,
more than 80% of the infants slept 13 hours or more per 24 hours. The response categories
were dichotomized to less than 13 hours and 13 hours or more.
Milk-feeding mode. Milk-feeding mode at the following two time-points was included: 1)
Exclusively breastfed first month (month 0), yes or no. Being exclusively breastfed is defined as
receiving only breastmilk and not being introduced to any other liquids or food except vitamin
supplements [45]. 2) At infant age three months, milk-feeding mode were categorized into
Infant and maternal characteristics associated with timing of complementary feeding in Norway
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only breastfed, breastfed and formula-fed and only formula-fed regardless of whether solid food
was introduced or not.
Maternal characteristics. Maternal sociodemographic variables included age (years)
computed from self-reported birth-date, marital status (categorized into married, cohabitant
and not married/cohabitant), number of children (one child, two children, three or more chil-
dren) and native language (dichotomised into Norwegian vs. not Norwegian).
Socioeconomic status was measured with the following questions: 1) “What is your highest
completed education?” Education level was recorded on a 7-category scale and subsequently
recoded into high vs. low education level (college/ university education vs. no college/university
education). 2) “What is (was) your main activity (before maternity leave)?” The answer had 10
response categories, these were recoded into working full-time, working part-time, student, not
working. 3) Degree of urbanization were reported in four categories: 4999, 500–1499,
15000–49999, 50000 inhabitants. 4) Economy was assessed by two questions: “Are you able
to pay an unforeseen expense of 3000 NOK?”, with the response options yes, no and maybe.
These were recoded into yes and no/maybe. The last question was if they had experienced diffi-
culties paying their rent, food or transportation during the last six months. Possible responses
were no-never, yes-seldom, yes-sometimes and yes-often. These were subsequently recoded into
no difficulties/difficulties.
Maternal BMI (kg/m2) was calculated using self-reported height and weight at the time of
completion of questionnaire. WHO-guidelines were used to classify participants as under-
weight (BMI< 18.5 kg/m2), normal weight (BMI 18.5–24.9 kg/m2), overweight (BMI 25.0–
29.9 kg/m2), and obesity (BMI 30 kg/m2 [46]. Only a small percentage (1.5%) of the mothers
were categorized as underweight, the BMI-categories were therefore classified into under-
weight/normal weight (BMI< 25), overweight (BMI 25.0–29.9) and obesity (BMI 30).
Self-perceived physical health was asked as follows: “All in all; How will you characterize
your physical health?”, with four response categories (very good, good, bad, very bad) dichoto-
mised into good and bad health. Use of self-reported health in Norwegian surveys has shown
good credibility in reporting differences in health [47].
Maternal symptoms of anxiety and depression were assessed using a short version of the
The Hopkins Symptoms Checklist (SCL-90) [48]. This is is a well-established psychometric
instrument, and the short version used in this study (SCL-8) has previously been used in the
Norwegian MoBa-study [49]. Symptoms are mapped as “Have you been bothered by any of
the following during the last two weeks?” Four items are capturing depressive symptoms (e.g.
“feeling hopeless about the future”), and four questions are tapping anxiety symptoms (e.g. “feel-
ing fearful”). Each question includes four categories of response (not bothered, a little bothered,
quite bothered, very bothered) rated 1 to 4, with higher scores reflecting more severe symptoms.
The average item score is computed by adding the item scores and dividing the sum score on
the number of items. Cronbach‘s α for this scale in our sample was 0.83. The SCL-8 total score
was dichotomized following the recommended cut-off at 2.00 [50, 51] into a high and a low
score.
We included smoking and use of snus as lifestyle variables. Response categories for “Do
you smoke?” and “Do you use snus?” were no—never, no—quit, yes—not daily, and yes—daily.
These were recoded into yes and no.
Statistical analysis
Associations between timing of introduction of complementary food and each of the potential
infant- and mother predictor variables were assessed separately using chi-square tests for cate-
gorical variables. The Fisher exact test were used for the variables marital status, able to pay
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unforeseen expense, SCL-8 score high/low and smoking because of small sample sizes. One-way
analysis of variance (ANOVA) was used to compare means for continuous variables.
Binary logistic regression analyses were performed to assess the relationship between the
individual infant- and mother characteristics and the dependent variables early (before four
months of age) and later (after 5.5 months of age) introduction to solid food. Separate models
were used to examine infant and maternal factors associated with early/late introduction,
respectively. Potential violations of multicollinearity assumptions were tested by treating the
categorical values as continuous in a linear regression, and collinearity diagnostics were
performed.
All the infant and maternal predictor variables were included for initial exploration in uni-
variate tests. We used zBMI-change 0–3 months for both outcomes (early- and later introduc-
tion), and zBMI-change 3–5 months only for the outcome later-introduction. Univariate tests
with p-values less than 0.2 were selected for use in the logistic regression models. When adjust-
ing the models, we excluded successively the variable with the highest p-values until all
remaining variables in the final models were significant. There are different variables included
in the different final models, as only the variables with p-value less than 0.05 were selected for
each final model. The infant‘s sex and the maternal age were included in the models regardless
of their individual statistical significance because of their explorative value.
The outcome variables (early and later introduction to solid food) are categorical. The pre-
dictor variables are either dichotomous, categorical or continuous. A two-tailed 5% level of sig-
nificance was used, and results are presented as adjusted odds ratios (OR) with 95%
confidence intervals. All analyses were performed with the statistical software package IBM
SPSS Statistics version 24.0 (IBM Corp., Somers; NY, USA).
Results
Characteristics of study sample
Mother and infant characteristics are shown in Table 1. The infants‘mean age at completion of
the questionnaire was 5.5 months (22.3 weeks ± 1.5 week). Maternal age ranged from 18 to 44
years (mean 30.4) The mothers who reported not having Norwegian as their mother tongue
(7.3%) constituted a heterogeneous group, with the majority speaking another Scandinavian
or European language. Most of the participating mothers had higher education at university/
college-level (80.7%), had been working full time before pregnancy (80.6%) and were married
or cohabitant (97.9%). For just over half of the mothers (56.8%), this was their first child. The
maternal mean BMI was 24.9. The majority of mothers (62.4%) lived in urban areas with more
than 15 000 inhabitants.
Of the participating infants, 90.2% were born in or after gestational week 38, their birth
weight ranged from 1920 g to 5270 g (mean 3578 g). The mean birth weight in our sample was
slightly above the national average (3481 g) [52], and the proportion of boys/girls close to the
national average.
Timing of different food types
The cumulative proportion of infants introduced to the various food types is shown in Fig 2.
None of the mothers reported introduction of solid food before child age three months. The
most frequent food to be first introduced across all age groups was industrially made porridge.
At child age 5.5 months, 81% of the infants had been introduced to industrially made porridge
while 21.4% were introduced to homemade porridge. On the other hand, infants were more
often introduced to homemade than industrially made vegetable mash (65.4% vs. 37.2%) and
fruit mash (64.8% vs. 60.4%). The least frequent food types to be introduced were mash with
Infant and maternal characteristics associated with timing of complementary feeding in Norway
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meat/fish (both homemade and industrially made) and bread. Less than 10% of the infants
were introduced to these food types at age 5.5 months.
Timing of complementary feeding according to infant and maternal
characteristics
Table 2 shows the characteristics of infants and mothers stratified into four groups according
to timing of introduction to complementary food. Regarding infant characteristics, a
Table 1. Characteristics of the participating mother-infant dyads (n = 7401).
Characteristics Values Mean (SD) or %
Infants
Sex Boy 50.9
Girl 49.1
Gestational age (weeks) > = 38 90.3
<38 9.7
Birth weight (g) 3578 (496)
>3500 55.3
2500–3500 43.1
<2500 1.6
Birth length (cm) 50.3 (2.2)
Weight at 3 months of age (13,0 (0,8) weeks) 6307 (778)
BMI z-score at 3 months of age -0.17 (1.01)
Weight at 5 months of age (21,7 (0,93) weeks) 7589 (920)
BMI z-score at 5 months of age 0.05 (0.99)
Mothers
Age (years) 30.4 (4.4)
Norwegian as native language (self-reported) 92.7
Parity Primipara 56.8
Multipara 43.2
Marital status Married 39.6
Cohabitant 58.3
Not married/cohabitant 2.1
Education Lower secondary school or less 1.8
Upper secondary school 16.6
College/university (< = 4 years) 36.8
College/university (>4 years) 43.9
Other 0.8
Main activity (before pregnancy) Working fulltime 80.6
Working part-time 6.7
Student 7.3
Not working 5.3
Degree of urbanization +50 000 41.8
15 000–49 999 20.6
5000–14 999 25.4
- = 4999 12.1
Maternal BMI (kg/m2) (after pregnancy) 24.9 (4.4)
1 The total number of participants in the analyses vary between 715 and 740 depending on the outcome
 Valid percentages for categorical variables, and means with SD for continuous variables
https://doi.org/10.1371/journal.pone.0199455.t001
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significant difference was found between the groups with respect to the gender of the child
(p = 0.04), with more girls than boys not being introduced to solid food at 5.5 months of age.
There was no significant difference between being born before/after gestational week 38 and
timing-of-introduction.
Dates for visits at the child health center with corresponding measured weight and length
were available for 674 infants for 0 and 3 months of age and 484 infants for 3 and 5 months of
age, respectively. We found no significant difference between the groups regarding zBMI-
change 0–3 months. For zBMI-change 3–5 months, we found that infants in the two earliest
timing-of introduction groups had the highest values, but the difference reached significance
only for the group introduced to solid food between 4 and 5 months of age (p = 0.021). When
comparing change in weight-for-age z-scores (WAZ) from 3–5 months between the groups
(not shown), we found that the WAZ-score for the early introduction group was significantly
higher (0.44 ± 0.55) compared to the score for the group introduced to solid food between
5–5.5 months (0.06 ± 0.39) and the score for the later introduction group (0.12 ± 0.55),
p<0.001.
There were also significant differences between the groups depending on whether the infant
was exclusively breastfed the first month of life (p<0.001) and on milk-feeding mode at three
months of age (p<0.001). Infants who were introduced to solid food before four months of
age, were less often exclusively breastfed the first month of life and were more often receiving
Fig 2. Cumulative proportion of infants introduced to different food types.
https://doi.org/10.1371/journal.pone.0199455.g002
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Table 2. Infant and maternal characteristics according to timing of introduction to solid food (N tot = 740)1.
Introduction to solid food
Before 4 months Between 4 and 5 months Between 5 and 5.5 months Not introduced to solid
food at child age 5.5
months
N = 37
(5.0%)
N = 430 (58.1%) N = 168 (22.7%) N = 105 (14.2%)
Variable Values N Mean (SD) or % P N Mean (SD) or % P N Mean (SD) or % P N Mean (SD) or % P P value §
Infant factors
Sex Girl 14 37.8 200 46.5 86 51.2 63 60.0 0.040
Boy 23 62.2 230 53.5 82 48.8 42 40.0
Gestational age in weeks 38 34 91.9 386 89.8 156 92.9 92 87.6 0.502
<38 3 8.1 44 10.2 12 7.1 13 12.4
Birthweight (g) 37 3611
(534)
430 3551
(489)
168 3640
(504)
105 3580 (493) 0.251
zBMI-change from birth to 3 months 33 -0.58 (1.46) 390 -0.71 (1.15) 157 -0.62 (1.11) 94 -0.49 (1.15) 0.42
zBMI-change from 3 to 5 months 25 0.38 (0.56) 277 0.26 (0.61) 120 0.07 (0.57) 62 0.18 (0.75) 0.021
Sleeping difficulties Wakes 3 or more times a night 10 27.0 141 32.8 59 35.1 41 39.0 0.500
Sleeps less than 13 hours per day/night 6 16.2 85 19.8 37 22.0 16 15.2 0.537
Temperament Fuzzy/difficult temperament subscale score 35 2.42 (0.92) 419 2.50 (0.83) 164 2.44 (0.91) 101 2.43 (0.82) 0.780
Feeding factors
Exclusive breastfed first month No 27 73.0 144 33.5 42 25.0 28 26.7 <0.001
Breastfed or formula-fed at age 3 months Only breastfed 12 37.5 278 66.0 144 87.3 91 91.9 <0.001
Breastfed and formula-fed 5 15.6 96 22.8 14 9.1 8 8.1
Only formula-fed 15 46.9 47 11.2 6 3.6 0 0.0
Maternal Factors
Age in years 34 28.8 (5.3) 393 30.3 (4.2) 155 30.6 (4.4) 89 31.4 (4.3) 0.018
Number of children 1 22 64.7 259 62.0 83 50.9 42 41.6 <0.001
2 8 23.5 118 28.2 58 35.6 28 27.7
3 4 11.8 41 9.8 22 13.5 31 30.7
Marital status Married 5 14.7 167 39.9 57 35.0 55 54.5 <0.001
<0.001
Cohabitant 26 76.5 244 58.2 104 63.8 44 43.6
Not married/cohabitant 3 8.8 8 1.9 2 1.2 2 2.0
Sociodemographic variables
Education Low 12 35.3 77 18.5 24 14.7 19 19.4 0.047
Economy
Unforeseen expense Not/maybe able to pay 4 11.8 21 5.0 2 1.2 4 4.0 0.035
0.024
Running expenses Problems 8 23.5 62 14.9 20 12.3 20 19.8 0.208
Maternal health factors
Maternal BMI-categories Under-/ Normal weight 17 50.0 252 60.3 109 66.9 57 56.4 0,521
Overweight 11 32.4 110 26.3 35 21.5 30 29.7
Obese 6 17.6 56 13.4 19 11.7 14 13.9
Physical health
(self-reported)
Poor health 4 11.8 44 10.6 17 10.4 10 9.9 0.992
Mental health SCL8, score High 1 2.9 23 5.5 7 4.3 3 3.0 0.689
0.775
Life-style factors
Smoking Yes 5 14.7 14 3.3 7 4.3 1 1.0 0.003
0.012
Use of snus Yes 3 8.8 29 6.9 7 4.3 1 1.0 0.083
0.049
1 The total number of participants in the analyses vary between 715 and 740 depending on the outcome
Valid percentages for categorical variables, and means with SD for continuous variables
§ The groups that differ significantly are marked in bold
 Fisher‘s Exact Test
P Within group percentages
https://doi.org/10.1371/journal.pone.0199455.t002
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only formula milk as milk type at three months of age. There were no significant differences
for birth weight, gestational age, sleeping difficulties or maternal perceived infant
temperament.
Regarding maternal characteristics, significant differences between the different timing-of-
introduction groups were found for age (p = 0.018), parity (p = 0.001), marital status
(p<0.001), education (p = 0.047), economic difficulties (p = 0.024), smoking (p = 0.012) and
use of snus (p = 0.049). Mothers introducing solid food before four months of age, were char-
acterized by more frequently being younger, not married/cohabitant, smoking, having lower
educational level and more economic difficulties. There was also an observed trend with a
higher proportion of overweight and obese mothers in this group, but the difference did not
reach significance. The group of mothers who had not introduced their infants to solid food at
child age 5.5 months, were characterized by more frequently being older, married, having
more than one child and not using snus. There were no significant differences between the
groups with respect to self-perceived physical and mental health.
Infant and maternal characteristics that independently predicted early or later introduction
to solid food are presented in Table 3. Infants who were not exclusively breastfed during the
first month of age and infants who were given only formula as type of milk at three months of
age, had higher odds of being introduced to solid food before four months of age compared to
infants who were exclusively breastfed first month of life and given only breastmilk at three
months of age. Girls had higher odds of later introduction to solid food compared to boys.
Infants who were given a combination of breastmilk and formula at three months of age had
lower odds of later introduction to solid food compared to infants who were given breastmilk
as milk type at three months of age. In the group of infants who were not introduced to solid
food at 5.5 months, none were given only formula.
Mothers who were cohabitant or not married/cohabitant had higher odds of early introduc-
ing their children to solid food compared to mothers who were married, this also applied to
mothers who smoked compared to non-smoking mothers. Mothers who were not married
had lower odds of later introduction to solid food compared to married mothers, but this was
only significant for the cohabitant group of mothers. Mothers with tree or more children had
higher odds of later introduction to solid food compared to mothers with one child.
Discussion
The majority of infants in in the present study were introduced to complementary food after
four months of age and before 5.5 months of age, which is in line with the Norwegian recom-
mendations from 2016. Introduction before four months of age was seen for 5% of the infants,
which is somewhat lower than the 7% in the latest national cross-sectional survey from 2013
[7]. The higher proportion of well-educated mothers in our study may explain the lower num-
ber of children introduced to solid foods before four months of age, as education is known to
affect health through mechanisms such as health literacy and health behaviors [53]. However,
a lower proportion of children in our study (14%) had not been introduced to solid food at 5.5
months of age compared to the latest national survey (24%). This could indicate a real change
over time or it could reflect possible selection bias. There was a high proportion of first-time
mothers in our sample, and first-time mothers have been shown to introduce solid food earlier
than multiparous mothers [37].
Our findings are comparable to previous findings in Denmark and Sweden [14, 54]. Out-
side Scandinavia, a national representative cross-sectional study from the US found that 16%
of the infants were introduced to solid food before four months, while 45% of were not intro-
duced to solid food at six months of age [55]. An Irish prospective study found that 18% of the
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infants were given solid food before 17 weeks and 79% before six months of age [56]. In Aus-
tralia, a cohort study found that 44% of infants had received solid food before 17 weeks and
93% of infants had received solid food before 26 weeks of age [13]. Except for the US study,
Table 3. Associations between timing of introduction to solid food (early and later) and infant- and maternal characteristics estimated by multivariate logistic
regression.
Early introduction to solid food §
N = 37
Later introduction to solid food ¶
N = 105
Characteristics OR 95% CI OR 95% CI
Infant factors
Gender
Girl 1.00 1.00
Boy 1.91 0.88–4.15 0.62 0.40–0.96
Feeding characteristics
Exclusively breastfed first month 1.00
Not exclusively breastfed first month 3.38 1.46–7.65
Milk-feeding mode at 3 months of age
Breastmilk 1.00 1.00
Breastmilk and formula 1.29 0.43–3.83 0.34 0.16–0.72
Formula 8.13 3.39–19.53 0.00 0.00
§ Adjusted for infant gender, exclusive breastfeeding first month of age and milk-feeding mode at three months of age.
¶ Adjusted for infant gender and Milk-feeding mode at 3 months of age.
Separate models are presented in this table with different covariates included, this explains the open spaces
p<0.05
p <0.01
p<0.001
Early introduction to solid food §
N = 37
Later introduction to solid food ¶
N = 105
Characteristics OR 95% CI OR 95% CI
Maternal factors
Age 0.93 0.85–1.01 1.02 0.96–1.08
Marital status
Married 1.00 1.00
Cohabitant 3.28 1.23–8.72 0.50 0.31–0.80
Not married/cohabitant 7.83 1.51–40.62 0.76 0.16–3.62
Number of children
1 1.00
2 1.28 0.74–2.23
3 3.39 1.83–6.27
Smoking status
Not smoking 1.00
Smoking 4.21 1.40–12.72
§ Adjusted for maternal age, marital status and smoking.
¶ Adjusted for maternal age, marital status and number of children.
Separate models are presented in this table with different covariates included, this explains the open spaces
p<0.05
p <0.01
p<0.001
https://doi.org/10.1371/journal.pone.0199455.t003
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this study is in line with other studies from developed countries finding that only a minor pro-
portion of the infants are introduced to their first solid food at six months of age.
Infant characteristics
In line with previous research [18, 57], the boys in our study tended to be introduced to solid
foods earlier than girls. Being a girl was an independent predictor of later introduction of com-
plementary food. A possible explanation may be that male infants consume more breast/for-
mula milk, feed more frequently and wakes up more often at nights. This may lead to earlier
weaning instead of supplementing with additional breast/formula milk [18, 58, 59].
Preterm infants are more likely to be to be early introduced to solid food [20]. Possible rea-
sons may be that parents consider chronological age as opposed to corrected age, experience
more stress related to infant growth or that preterm infants are more prone to irritability and
unexplained crying resulting in parents feeding to soothe. In our study we found no significant
difference between the timing-of-introduction groups for whether the infant was born before
or during/after gestational week 38. However, only 14% of the infants born before week 38 had
a reported birthweight below 2500 g, of which only one infant below 2000 g (1920g). We have
no further data regarding actual gestational age, but the reported birthweights indicate that the
preterm infants in this sample are born moderate to late preterm (32 to 37 weeks). A previous
study found that infants born more premature had the greatest odds of early introduction
[20], this may explain our findings.
The association between age at introduction of complementary feeding and risk of later
childhood overweight or obesity has been debated. Early introduction of complementary food
have been associated with rapid or excessive weight gain [60], which in systematic reviews
have been identified as a risk factor for later overweight [61, 62]. A large population-based
Australian study including 3153 infants found that both early (before 4 months) and late (after
7 months) introduction of solid food was associated with increased odds of above normal BMI
at 1 year of age, independent of infants´ breastfeeding status at 4 months [63]. However, a
recent systematic review of systematic reviews found no consistent evidence of an association
between early introduction of solid food and later overweight [64]. In our study, introduction
of solid food before 5 months of age was associated with a greater weight gain. Infants in the
two earliest timing-of-introduction groups had the highest zBMI-change values from 3–5
months, although the difference only reached significance for the group of infants introduced
to solid food between 4 and 5 months of age. The difference in weight-for-age z-scores (WAZ)
from 3–5 months was significantly higher in the group of infants introduced to solid food
before 4 months. Rapid weight gain (RWG) is defined as an increase of> 0.67 in sex-specific
WAZ score within a specific time period [65]. Although the criteria for RWG was not met, the
weight development in the early introduction group nevertheless gives cause for concern. A
recently published systematic review found strong associations between RWG during infancy
and subsequent overweight/obesity risk, with higher odds of overweight/obesity with RWG
from birth to 1 year than RWG from birth to two years [65].
Parents report that a major reason to introduce solid food is to improve infant sleeping pat-
terns. Sleep duration of<12 h during infancy (age 6–24 months) is also a risk factor for over-
weight and adiposity in preschoolers [66]. We found no significant differences between the
separate timing-of-introduction groups for infant hours of sleeping or frequent awakening,
suggesting that sleeping difficulties was not associated with timing of complementary feeding
in our sample.
Difficult infant temperament has been shown to influence parental feeding behavior [67,
68] and contribute to early introduction of complementary food [9, 37]. In Norway, infant
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temperament has also been associated with an obesogenic diet at 18 months of age [69]. In our
study there was no significant difference in the fussy/difficult-temperament score of The Infant
Characteristics Questionnaire between the groups. The infant mean-score in this sample was
2.5, slightly higher than the mean score found for infants at six months of age in the Norwe-
gian Mother and Child Cohort study (2.3) [44]. Niegel et.al. described their mean score as a
rather low score, indicating that the mothers tended to perceive their infant‘s temperament as
easy. This may also be the case in the present study and explain our findings.
Breastfeeding and formula feeding
Infants introduced to solid food before four months of age, were less often exclusively
breastfed the first month of age and were more often receiving only formula milk as milk type
at three months of age. Receiving only breastmilk at three months of age, was an independent
predictor of later introduction of complementary food. These findings are well line with previ-
ous research. A recently published national study from the US including 1482 children,
reported that early introduction to complementary food (before four months of age) was more
common among infants that were never breastfed or breastfed for less than four months [55].
Maternal characteristics
Mothers introducing solid food before child age four months were characterized by being
younger, not married, less educated, more frequently smoking and having more economical
difficulties. While maternal smoking was an independent predictor for early introduction to
solid food, this was not the case for use of snus. To our knowledge, this is the first study to find
different associations for timing of complementary feeding and maternal smoking and use of
snus, respectively. The use of snus has so far not been registered in the official birth registers,
and there is a lack of information regarding how use of snus affects early feeding decisions like
breastfeeding duration and timing of complementary feeding. Our findings may be related to
a different social distribution regarding use of snus in the Norwegian population, where the
social differences associated with use of snus are less than for smoking [70].
There was no significant difference in maternal BMI between the four timing-of-introduc-
tion groups. There was an observed tendency for a higher BMI in mothers who introduced
solid food before child age 4 months, but the difference was not significant. The mean mater-
nal BMI was relatively high (24.9) and can be explained by the mothers not having regained
their pre-pregnancy weight.
We also found no association between maternal symptoms of anxiety and depression and
the timing of introduction to solid foods. The mean SCL-8 score in our sample was 1.25,
which is similar to the pre-pregnancy mean score found in previous Norwegian population-
based studies [27, 33]. It‘s estimated that 10–15% of Norwegian women, including those in the
period after childbirth, have symptoms of depression [71]. The proportion of mothers with a
SCL8 score above the recommended cut-off at 2.00 were 5.5% in all the timing-of-introduc-
tion groups. The self-selection of participants in this study may have led to an underrepresen-
tation of mothers with mental difficulties and contributed to our findings.
Timing of complementary feeding should be sensitive to the nutritional needs of the infant.
In our study we found that apart from the infant’s gender, maternal characteristics appear to
be decisive. A systematic review from 2009 found that the determinants with strongest evi-
dence for early weaning were young maternal age, low maternal education, low socioeconomic
status, absence or short duration of breastfeeding and maternal smoking–besides lack of infor-
mation or advice from health care provider [21]. The associations between early feeding prac-
tices and infant gender, milk-feeding mode, maternal smoking and maternal socioeconomic
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status are previously seen in both Scandinavian countries [24, 37, 72, 73] and in developed
countries outside Scandinavia [13, 56, 74], but some of these studies are based on study popu-
lations from more than 10 years back in time. Our study confirms previous findings and con-
tributes to the existing body of research with updated knowledge, showing that young
maternal age, low maternal education and maternal smoking still are important predictors for
non-adherence to infant feeding recommendations in a western, developed country.
Strengths and limitations
As this paper examines a cross-sectional sample of infant-mother dyads, causal conclusions
cannot be drawn. The nature of the sample and the self-reported data also makes it difficult to
generalize from our findings. The mothers in the present study volunteered for participation,
which in epidemiological research is known to make a skewness towards a more well-educated
population [75, 76]. This also applies to our study. A low variability in socioeconomic status
biases results towards the null and may have resulted in an underestimation of socioeconomic
characteristics. The small size of the early-introduction group may have resulted in observed
differences not achieving statistical significance. Nevertheless, we chose to include this group
because of its relevance for the group of mothers with lower socioeconomic status—a group of
importance for this field. The use of self-reported data may reduce their reliability of our find-
ings and may be particularly problematic for weight-related indicators. Both sleep-wake
behaviors and temperament are known to be notably stable behavioral characteristics from
infancy to toddlerhood [77]. Nevertheless, the retrospective collection of data may have
affected the results regarding infant temperament and sleeping difficulties.
Despite these limitations, our study also has strengths. A comparatively large number of
participants were included. Our results are well in line with previous research which supports
the findings. To our knowledge, this is the first study that have found different associations
between maternal smoking and use of snus and timing of complementary feeding. Further-
more, we have concurrently examined a wide range of both infant and maternal characteristics
of importance for early infant feeding interactions with potential to inform public health
policy.
Conclusion
The majority of Norwegian infants are fed in accordance with national infant feeding recom-
mendations. Predictors for early introduction to complementary food were breastfeeding sta-
tus and maternal sociodemographic factors. Introduction of solid food before five months of
age was associated with increased infant weight gain. Timing of introduction to complemen-
tary food was not, except for the infant’s gender, associated with infant cues that may be mark-
ers of increased nutritional needs of the infant. Our results confirm that infants of younger,
less educated and smoking mothers are still at higher risk of not being fed in compliance with
the official infant feeding recommendations. Altogether, our findings emphasize the impor-
tance of targeting socioeconomically disadvantaged mothers for support on healthy feeding
practices focusing on the infant’s needs to prevent early onset of social inequalities in health
with potential life-long duration. Larger population-based studies with a longitudinal design
are needed to further explore the relationship between timing of complementary feeding,
maternal socioeconomic status and infant growth trajectories.
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